The CMB-S4 Science Book [1], Astro2020 Science White Paper on gravitational waves [2] and PICO report [3] contain an extensive discussion of many ongoing and planned efforts in the search for gravitational waved produced by inflation. Here we give a short executive summary of the results obtained in our papers [4] [5] [6] , which specify the simplest available inflationary models providing physically motivated targets for these searches. Our conclusions are specific for the 10 −3 r 10 −2 range, where we present the B-mode benchmarks of the U-duality symmetric class of α-attractors, and for r 10 −3 , where we present B-mode targets, for which the future precision measurements of ns will be decisive.
I. INTRODUCTION
The goals of future CMB missions can be illustrated by Fig. 2 .2 in the PICO report [3] , reproduced here: Characteristic superPlanckian scales in the potentials are marked with darker lines. GL is the GoncharevLinde model (see text).
combination peak' at`= 80 and the other is the 'reionization peak' at multipoles of`. 10. PICO's strong constraints on r derive from using all available`modes.
The Galactic signals act as foregrounds, and uncertainty in the characterization of these foregrounds already limits our ability to constrain r. An analytic performance forecast accounting for PICO's statistical noise level and a foreground model that has polarized emission from two components of dust, synchrotron radiation, and correlations between synchrotron and dust emission, gives s (r) = 2 ⇥ 10 5 , five times lower than our baseline requirement. This margin allows for degradation in foreground removal through inclusion of physical effects known to exist but not captured in the analytic forecasts. These effects are included in map-based simulations, which indicate that PICO will achieve its requirement; see Section 2.7.
When the tensor-to-scalar ratio r ' 0.01, the BB lensing and inflation spectra are comparable in magnitude at the recombination peak (`= 80). For lower levels of r, the lensing B-mode dominates, but the B-mode maps can be 'delensed' if the polarization maps are measured with few-arcmin resolution and sufficient depth [39, 40] . Forecasts for PICO show that at least 73% of the lensing B-mode power can be removed for the baseline configuration, after accounting for conservative Galactic foreground separation. As much as 85% will be removed for the CBE and for milder foreground contamination. For measuring the recombination peak, delensing is essential in order to reach PICO's limits on r, and this was a driver in choosing the resolution of the instrument.
For the levels of r targeted by PICO, the BB reionization signal (`< 10) has a somewhat higher level than the lensing spectrum, but the map-level foregrounds at this angular scale are at least two orders of magnitude brighter. There are currently no BB measurements at these scales, and no S3 experiments plan to measure B-modes that reach to s (r) < 0.006 in the lowest multipoles [16, 41] . PICO's instrument temporal stability, absence of atmospheric noise, full-sky coverage, and unmatched capability to characterize and separate foregrounds make it the most suitable instrument to measure these lowest multipoles ( § 2.7).
If an inflationary B-mode signal is detected, it is important to characterize its entire`dependence in the predicted reionization and recombination peaks, in order to confirm -rather than assume -its expected dependence on angular scale. Furthermore, the PICO full-sky coverage will enable detection of the recombination peak in several independent patches of the sky, giving an important systematic cross-check. Only a space mission can provide these important benefits.
• Scalar Spectral Index and Non-Gaussianity Models of the early Universe differ not only in their predictions for r and the scalar spectral index n s , but also for the scale-dependence of n s , a parameter commonly called "the running of n s " and labeled n run . PICO will improve n s and n run constraints by a factor of three relative to Planck to achieve s (n s ) = 0.0015 and s (n run ) = 0.002. For many models of inflation, how reheating occurred is unknown, and this translates to different predictions for n s and n run [42] . PICO's precision is sufficient to distinguish between different possible reheating scenarios at > 3s (SO2). Fig. 2. 2 from the PICO report [3] . The blue region is based on the results of BICEP/Keck 14 and Planck 2015.
FIG. 1. This is
PICO plans to detect primordial gravitational waves if r 5 × 10 −4 (5σ). It may also improve constraints on n s by a factor of 3 relative to Planck, to achieve σ(n s ) ∼ 0.0015.
In this paper we will discuss the simplest inflationary models which describe all presently available data, and identify some 'future-safe' models, which have a fighting chance to describe all data on spectral index n s and tensor to scalar ratio r to be obtained in the next one or two decades. There are some very interesting targets in the range r ∼ 4 × 10 −2 , such as the string theory related axion monodromy models [7] [8] [9] . If we discover inflationary B-modes in this range, it will be fantastic, but what if we go through the range r 10 −2 without finding the signal? Do we have any other legitimate targets for the future missions discussed in [1-3]?
The results of our investigation of these issues is contained in [10] and in our papers [4] [5] [6] . Our analysis was focused on the models favored by the recent Planck 2018 * kallosh@stanford.edu † alinde@stanford.edu results, shown in Fig. 8 and Table 5 of [11] , and by BI-CEP2/Keck 2014 results shown by Fig. 5 in [12] . These models include α-attractors [13] [14] [15] , providing a significant generalization of the Starobinsky model [16] and the Higgs inflation model [17, 18] . We also discuss hilltop inflation [19, 20] , and D-brain inflation [21] [22] [23] [24] [25] . Predictions of the simplest α-attractor models are shown by the vertical yellow stripe in Fig. 8 of [11] and by the grey band in Fig are shown by the green area in these figures.
Since our papers [4] [5] [6] are large and rather technical, targeted for the hep-th audience, we decided to give here a short executive summary of our main conclusions.
We have found in [5] that for m > 10M P , which is the only regime where the hilltop models V ∼ 1− The simplest D-brane inflation models with V ∼ 1 − m n φ n are also unbounded from below; they are called BI models in the 'Encyclopaedia Inflationaris' [25] . We eliminated them from our figures since they are not physically consistent. But at small m, their predictions nearly coincide with the ones of the improved D-brane inflation models V = φ n φ n +m n , which were called KKLTI in [25] . We will describe these models below.
The predictions of the simplest α-attractors and KKLTI models are well inside the 2σ region for n s and r in the Planck 2018 data. Following the way of evaluation of inflationary models used in the Planck 2018 data release, in Figs. 2 and 3 we make a comparison using the CMB data only. The dark (light) pink areas in the these figures correspond to n s and r favored by CMB-related data at the 1σ (2σ) level. Inclusion of the BAO leads to very similar results, see Fig. 4 and [4] [5] [6] . for 50 < N < 60.
In the range 10 −3 r 10 −2 there are U-duality benchmarks associated with M-theory, string theory, maximal N = 8 supergravity. They take seven discrete values 3α = 7, 6, 5, 4, 3, 2, 1, from 3α = 7 in red all the way to 3α = 1 in black. The intermediate blue line with α = 1 represents also Starobinsky and Higgs inflationary models.
In Fig. 2 we present several discrete benchmarks for α-attractor models, in units M P = 1. The n s and r predictions of these models in the small α limit depend only on their geometric kinetic terms. The benchmark models have kinetic terms originating from maximal supersymmetry (M-theory, string theory, maximal N = 8 supergravity), spontaneously broken to the minimal N = 1 supergravity. The 7-disk model [26, 27] allows 7 discrete values 3α = 7, 6, 5, 4, 3, 2, 1. The characteristic scale M of the inflationary potential for α-attractors is 3α/2 [10] . The last maximal supersymmetry benchmark has 3α = 1, which at N = 60 corresponds to r ≈ 10 −3 .
At 3α = 6 we would probe string theory fibre inflation [28, 29] , at 3α = 3 we would probe the Starobinsky model [16] , the Higgs inflationary model [17, 18] , as well as the conformal inflation model [30] . Finally, at 3α = 1 we would probe the case of the maximal superconformal symmetry, as explained in [6] .
There is yet another target, at α = 1/9, r ∼ 5 × 10 −4 , which corresponds to the GL model [31, 32] shown by a purple dot in the PICO Fig. 1 . This is a supergravity inflationary model involving just a single superfield, providing the first example of chaotic inflation with a plateau potential. There are some mathematical reasons for the specific value of α = 1/9 in this model, but we believe that the targets at 3α = 7, 6, 5, 4, 3, 2, 1 are better motivated from the point of view of fundamental physics.
III.
ATTRACTOR STRIPES AT r 10 −3
KKLTI potentials described in [24, 25] are V = V 0 φ n φ n +m n . They have a minimum at φ = 0 and a plateau V = V 0 at large φ. Recently these models were reexamined in [4, 5] with the two simplest KKLTI models almost completely covers the area in the (n s , r) space favored by Planck 2018. At r 10 −3 , α-attractors predict 1−n s = 2 N , KKLTI models with n = 4 predict 1 − n s = 5   3N , and KKLTI models with n = 2 predict 1 − n s = 3 2N . This addresses the concerns expressed in [2] that it could be difficult to find inflationary models with r 10 −3 and 1 − n s ∼ c/N with c = O(1). As one can see, such models are already known. They are prominently represented in the Planck 2015 and Planck 2018 data releases [11, 33] .
We are unaware of any important discrete targets for r 10 −3 , with the possible exception of the GL model. In some string theory models one may have r as small as r ∼ 10 −6 − 10 −10 [24, 25] . However, PICO expects to improve constraints on n s by a factor of three relative to Planck, to achieve σ(n s ) = 0.0015 [3] . This would allow to discriminate between different models shown in Fig. 3 . At present the yellow and the purple and the orange attractor stripes fit the data, but the factor of 3 improvement in the precision of our knowledge of n s may help us to distinguish these models, and learn more about the post-inflationary evolution in these models, which affects the required values of N, and, consequently, n s . Therefore at r 10 −3 we find very interesting targets for n s .
We have had a very similar experience during the last decade. The improvement of the precision of determination of n s during the 8 years between the release of WMAP data in 2010 [34] to Planck 2018 [11] shown in Fig. 5 from [35] was the main reason for elimination of many inflationary models predicting extremely low r.
The landscape, the swampland and the era of precision cosmology 
--attractors
Hilltop quartic model Natural inflation Power-law inflation with very low r, are now ruled out by precision data on ns. 7-year WMAP results [34] are in red, Planck 2018 results [11] are in blue.
IV. CONCLUSIONS
This paper gives a brief summary of the results obtained in our papers [4] [5] [6] , which may have some implications for planning of the future B-mode searches.
In particular, we found that the predictions of the simplest hilltop inflation models shown by the green area in Fig. 1 do not constitute legitimate targets for B-mode searches, because these predictions are directly related to the physical inconsistency of these models [5] .
There is a popular but not universally applicable way to parametrize inflationary models by the assumption that they should satisfy the relation 1 − n s = p+1 N , where p = O(1) is a phenomenological parameter. This parametrization works well for α-attractors, but, as one can infer from Figs. 3, 4 , it applies to the KKLTI models only for r 10 −3 , which is at the lower boundary of the range of r to be studied by CMB-S4.
On the other hand, we have found that α-attractors, in combination with the KKLTI models, almost completely cover the dark 1σ region in the (n s , r) space favored by Planck 2018, all the way down to r = 0, as shown in Figs. 3, 4 . Therefore, in addition to (and independently of) being the candidates for the role of a consistent inflationary theory compatible with the available observational data, these models can provide an independent physically motivated parametrization of the future CMB results for the range of n s and r favored by Planck 2018.
Investigation of these models provides a list of specific B-mode targets for the future B-mode searches. Seven different targets in the range 10 −3 r 10 −2 are shown in Fig. 2 , corresponding to discrete benchmarks representing a set of U-duality invariant α-attractor inflationary models.
